Summary. Simultaneous far-ultraviolet {WE) spectroscopy and optical photometry and spectrophotometry of a flare on UV Ceti are reported. The flare reached Ai/=2 mag but showed only modest enhancements in the WE spectra. The optical spectrophotometry indicated broadened Baimer line profiles during the flare, with Hß and Hy clearly showing red wings (~100kms -1 ). The results are compared with other WE and optical observations of UV Ceti, and their solar analogues.
1 Introduction UV Ceti (=L726-8B=Gliese 65B) is the prototype of a class of solar-neighbourhood stars of spectral type dMe which show flaring activity in the visible and other wavelength bands. The star itself is a member of a visual binary system some 2.6 pc from the sun with spectral type dM6e and low values of mass (0.11 M©: Harrington & Behall 1973) and luminosity (4xl0 _4 L o : Allen 1973) .
Its optical flaring activity has been studied for almost 40 years, and its spectroscopic and photometric properties have been well documented (see, e.g. Kunkel 1975 or Gershberg 1972 . It was one of the first stars to have its flares detected in the metre-wave radio (Lovell 1971 ) and soft X-ray regions (Heise ei «/. 1975) . The flaring rate from Kunkel's (1973) empirical formula is A U^\mag flare per 0.35 hr. As with the optical flare emission in other dMe stars, there is an impulsive component dominated by continuous emission, generally lasting a few tens of seconds, followed by a slower component in which there is enhanced intensity of the Balmer and other emission lines. The soft X-ray lightcurve is similar to that of the optical 'slow' component.
Flares on UV Ceti have not yet been reported in the far-ultraviolet region as covered by the WE satellite, but, as we shall see in this work, a flare may have occurred during a 1979 exposure of the short-wavelength (SWP) camera which covers the 1100-1900 Â range.
In this paper, we report simultaneous optical (photometric and spectrophotometric) and IUE (low-resolution) observations of UV Ceti in both quiescent and flaring states in 1980, and also discuss a comparison of our IUE spectra with those made by other WE observers and de-archived for this study. We also make comparisons of the UV Ceti flare with the solar analogues.
2 The observations and their reduction 2.1 OPTICAL OBSERVATIONS The optical observations discussed here included simultaneous broad-band (UBV) photometry and spectrophotometry on telescopes at the South African Astronomical Observatory on 1980 September 17, when IUE was also scheduled for observation of UV Ceti. No optical observations could be made at the time of a second IUE shift on September 19, owing to cloud.
The SAAO 0.5-m reflector and People's Photometer were used for the UBV photometry. Although conditions were far from ideal, observations were made for the period covered by the IUE exposures. In the upper part of Fig. 1 The spectrophotometry was carried out using the Cassegrain spectrograph with an Image Photon-Counting System (IPCS) photometer on the 1.9-m reflector. This covered the spectral 21*00 21:30 22*00 22*30 23*00 23*30 00*00 U.T. Flare activity on UV Ceti 575 range 3800-5100Â with a resolution of 1Â (see below). Full details of the procedure and reduction of the spectrophotometric observations are given in an earlier work (Bromage et al. 1986: referred The spectral resolution and wavelength calibration of the spectrophotometric observations were determined from copper-argon arc exposures interleaved with the stellar observations. Arc lines near the Hß, Hy and H<5 lines were selected for analysis. Using the ELF routines within the dipso software package on STARLINK (Howarth & Murray 1987) , the profiles of the arc lines were fitted with multiple Gaussian shapes, with a first-degree polynomial to approximate the background emission. Lines of the arc spectrum with different strengths were considered in order to investigate, for example, the possible effect of coincidence losses. In general, the values of fullwidth at half-maximum intensity (FWHM) were similar for lines of different strengths and wavelengths: a mean value of FWHM=1.00±0.11 Â was deduced. This is consistent with other observations one of the authors has made with this instrumentation (see Lennon & Dufton 1983) , but rather better than was stated in Paper I.
Detailed fits were also made to the most intense lines of the stellar spectrum, Hß, Hy, Hó, the Hf and CauH blend, CanK, H8 and H9, to determine their widths and intensities. A single Gaussian profile was fitted to each line out to ±20 Â of the line centre with a first-degree polynomial for the background. The derivation of absolute intensities used similar procedures to Paper I where further details may be found. Fig. 2 shows the lines fluxes plotted against time, the fluxes being normalized to the quiescent levels (taken to be the average intensity for all spectrophotometry runs except no. 72). The single-Gaussian profiles are a satisfactory fit to all observations except those in the flare run (no. 72). The profiles are significantly wider than the instrumental profiles, so a stellar origin for part of the line broadening is indicated. For the Yiß line, for example, which has the most reliably measured width, the mean FWHM of the pre-flare exposures (run nos 69-71) is 1.43 Â. On the assumption of a Gaussian shape for the instrumental and intrinsic stellar profiles, the intrinsic FWHM is then 1.0 Â. The corresponding values for the post-flare observations (run nos 73-78) are 1.36 and 0.9 Â. For the flare run (no. 72), the Hß and Hy lines appear to show enhanced red-wing emission. Fig. 3(a) shows the Hß and Hy flare and quiescent (i.e. mean of run nos. 69-71 and 73-78 profiles). In Fig. 3(b) , the Hß and Hy profiles are compared by normalizing the flare and quiescent profile maxima to each other; red-wing excess for the flare profile is then quite apparent. With the possibility that the flare line profiles can be resolved into a primary component and a red-shifted smaller component, two-Gaussian fits using DIPSO were made. For the Hß profile, the line width of the secondary component was constrained to be equal to that of the main component. This fit (Fig. 3c) indicates that the main component is unshifted, while the peak of the secondary is shifted 2.0±0.1 Â to the red. A fit to the Hy profile, in which the main and secondary components were also constrained to have equal widths and the redshift of the secondary set to that for the Hß line, was found to be satisfactory (Fig. 3c) . The widths (FWHM) of each component are marginally larger than the single-Gaussian widths for the non-flare runs; for Hß it is 1.5 Â, giving an intrinsic FWHM of 1.1 Â.
/I/E OBSERVATIONS
UV Ceti was observed with IUE on 1980 September 17 and 19 with both short-wavelength (SWP) and long-wavelength (LWR) cameras in low-resolution mode. The large apertures were used for all observations. For the SWP images, the total exposure time was about 2 hr, but using the technique described in Paper I, a somewhat better time resolution was obtained. This involves the positioning of the star image (containing the unresolved components of the binary system) in one part of the aperture for the first part of the exposure, and in another for the second, with a short delay (3-5 min) between the exposures for resetting the spacecraft pointing. The resulting image shows two well-separated spectra, the comparison of which allows one to see whether any flare activity occurred. We shall refer to these exposures by the SWP image number with the suffix R or L for the star position in the right or left part of the aperture as seen on the IUE image. For the shorter-exposure LWR images, the image was positioned in the centre of the aperture. Table 2 gives details of the times of exposures and durations for IUE images taken in 1980.
The IUE images were reduced in exactly the same manner as for Paper I, to which the reader is referred for details. Briefly, the STARLINK software packages were used, including iuedr, for initial data reduction and dipso routines for the evaluation of line fluxes. All the SWP images show line emission due to Lya (mostly of geocoronal origin) and weak Civ (A 1550 Â). Unlike the ATMic images analysed in Paper I, it was not possible to subtract the geocoronal Lya line emission from the stellar component as the feature was highly saturated owing to the longer exposures. The two LWR images show Mgn (2 2800Â) and very weak Feu (-A2600Â) line emission. Fluxes for the Civ and Mgn lines are listed in Table 2 .
One of the exposures, SWP 10169L, coincides with the A I/=2 mag optical flare at 22 h 22? 1 5. The The observed Balmer decrements (intensity ratios) for Hß/Hy/Hö/H8/H9 (He is blended with the Caiii/line), averaged over the nine non-flare IPCS spectra (i.e. excluding run no. 72), are 2.37/1.0/0.58/0.20/0.13, which are very similar to our ATMic observed values reported in Paper I. For the flare spectrum (run no. 72), the Balmer decrements are significantly different (2.00/1.0/0.69/0.47/0.42), Balmer lines with higher n being relatively more intense. These values may be compared with Balmer decrements calculated by Seaton (1959) and Pengelly (1964) . These calculations are applicable to low-density plasmas such as planetary nebulae, and so may not be appropriate here, though there is some correspondence for the non-flare spectra. Thus, Seaton's calculations, for example, made by a procedure that takes account of only quantum number «, give the Hß/Hy/H0/H8/H9 ratios as 2.04/1.00/0.47/0.24/0.17 for the case of a plasma optically thick in the Lyman lines and at a temperature of 20000 K. These ratios as calculated by Pengelly, taking account of both n and / quantum numbers, are 2.11/1.00/0.55/0.23/0.16 for the same conditions. There is, on the other hand, less agreement with the flare ratios, the high-« lines being observed to be too intense.
Line widths
The intrinsic line widths for the flare and non-flare runs, derived in Section 2.1 from measured and instrumental profiles, are larger than can be explained by thermal Doppler broadening or Stark broadening with likely conditions for the emitting plasma. For example, the FWHM of a Flare activity on UV Ceti thermal-Doppler-broadened line for a hydrogen-atom temperature of 10 4 K is 0.35 Â. Stark broadening does not become significant until the electron density exceeds about 10 13 cm -3 ; thus, at 10 14 cm~3 at 10 4 K, the convolved Stark and thermal-Doppler profile has a FWHM of 0.65 Â (Vidal, Cooper & Smith 1973) . Assuming no Stark broadening and attributing the excess broadening over thermal-Doppler to turbulence, the most probable turbulent velocities are 35 km s _1 (pre-flare), 39 km s -1 (flare) and 31 km s -1 (post-flare). The red-wing emission of the Hß and Hy lines, centred around 2 Â from the line peak, can be explained by a directed mass flow with recessional velocity of about 100 km s _1 .
Observations of redshifted emission in Balmer lines have been made by Doyle & Byrne (1987) for a flare on YZCMi. In this case, they used the Unit Spectrograph and Reticon Photon Counting System detector on the same telescope (SAAO 1.9 m) as for the observations discussed here. For their pre-flare observations, the observed widths were similar to the instrumental width of 1.5 Â (FWHM), but there was broadening at and immediately after the peak of the /7-band emission, the FWHM reaching 2Â. It was found that a single Gaussian profile at these times could only fit the central part of the Hó line profile, but a much broader Gaussian profile was needed to fit the profile in the line wings.
The line broadening during flares from our own observations and those of Doyle and Byrne (1987) is large but comparable to what is seen in Ha line emission during solar flares, and by analogy with solar flares may arise from real turbulence in the stellar chromosphere after an input of energy from above, e.g. by beamed electrons accelerated by a magnetic reconnection event.
The excess line broadening before and after the flare is more unexpected, however. It may be due to continual disturbance, perhaps time-unresolved minor flare events, within the stellar active region where the flare occurred.
As was pointed out by Doyle & Byrne, similar observations have been made of red-wing enhancement in the Ha emission line profile during solar flares. The Ha line appears in absorption before a solar flare, but is strongly in emission over the location of the flare as it develops. High-resolution observations of Ichimoto & Kurokawa (1984) indicate enhanced redwing emission at early flare stages, with the peak of the emission line shifted by a small amount to the red. Downward velocities of lOOkms -1 are indicated by the red-wing emission initially, decreasing to 40kms~1 within a minute. The red-wing excess in our own Hß profiles indicates similar velocities during the flare, apparently declining to zero in the next IPCS exposure. Several authors have constructed models attempting to reproduce Ha line profiles for solar flares. Canfield et al. (1986) have given a summary of recent calculations. Their suggested explanation for the red-wing asymmetry is the intense heating of the chromosphere by downward-moving electrons accelerated in the corona. This heating produces an upward expansion of soft X-ray-emitting gas ablated from the chromosphere and a downward-moving compression of the unablated chromosphere (a 'chromospheric condensation'), the latter producing the observed Baimer-line emission.
If this model applies to dMe star flares, it must explain two constraints in addition to those in solar flares: (i) the greater persistence of the red-wing asymmetry (in Doyle & Byrne's observations of the H<5 line, it lasts for 2min or more); (ii) the different structure of the dMe star atmosphere, in particular the smaller chromospheric scale height (owing to the greater surface gravity). In any event, there is a great need for more observations, notably greater spectral and time resolution than were obtained here, and profiles of not only higher lines in the Balmer series but also Ha.
FAR-ULTRAVIOLET SPECTRA AND COMPARISON WITH OPTICAL SPECTRA
The optical flare at 22 h 22®5 on September 17 occurred simultaneously with one of the two exposures of our /(/E image SWP10169: SWP10169R was taken immediately before the optical K. J. H. Phillips et al. Butler, Rodonö & Linsky (1986) , using observations of the flare star AU Mic, have remarked on the great variability of the ratio of far-ultraviolet line enhancements in flares to optical enhancement as measured by AU divided by the quiescent i/-band energy: large variations in the latter are accompanied by relatively small variations in the ultraviolet line fluxes, without correlation. For comparison, we have investigated whether the increase in flux of the Civ line feature is related to that in the Balmer lines, e.g. Hß. Unfortunately, apart from the present work, the only other measurement of this ratio for a dMe star flare we found is that by Bahúnas & Raymond (1984) , reporting a flare seen with IUE on EQ Pegasi. Table 3 compares the ratio of the increase of Civ and Hß line flux for these two stellar flares and a solar flare discussed by the Skylab Workshop (Canfield et al. 1980) . To estimate the increase in the Civ flux for the stellar flares, the average Civ flux during the flare exposure, minus the quiescent value, was multiplied by the duration of the IUE flare exposure, there being no information on the actual duration of the flare in the ultraviolet. For the stellar Kß and the solar lines, the increases in the Civ flux were multiplied by the measured flare total duration in the relevant line. The values listed in Table 3 indicate some similarity in the values of the ratio. Considerable caution must be expressed in interpreting this result. Not only should there be observations of many more flares, but any detailed interpretation requires a knowledge of the detailed time variations of particularly the ultraviolet lines. The solar-flare analogue suggests that transition-region lines like Civ A1550 Â have strongly impulsive components (e.g. Poland et al. 1984 ) whose variations are determined by the time-history of flare-accelerated electrons. On the other hand, the solar-flare Balmer lines are largely due to localized heating of the chromosphere during the gradual, thermal stage of a flare, and so have slower time variations. If this is so for dMe star flares, the above comparison may be misleading.
We note in this connection that Butler et al. 's (1986) result of a large range of A Us occurring for only slight changes in ultraviolet-line fluxes is strikingly similar to that of Poland et al. for solar flares, in which there is a large range in the impulsive hard X-ray flux (due to Bremsstrahlung from accelerated electrons) but only a small one in the OvA 1371Â transition-region line flux. Poland et al. 's model calculations were unable to reproduce this behaviour.
Conclusions
These observations of UV Ceti emphasize the similarities of flares on dMe stars and those on the sun. The observed broadening and excess red-wing emission of Balmer lines during the flare Flare activity on UV Ceti closely resemble those in solar flares, for which there is a limited but growing understanding. Models devised for the solar case, involving a downward-propagating chromospheric condensation, can probably be applied to dMe stars. They would have to explain the observed greater persistence of the red-wing excess and, of course, take into account the different atmospheric structure of a dMe star. The sustained broadening of optical lines seen both before and after the UV Ceti flare is unexpected, but may arise from continual minor flaring at the time. The ratio of increases in the Civ line flux to that in the Hß line for this flare, for one on EQ Peg and for a solar flare are similar in value. However, we are reluctant to draw any strong conclusion from this result until more detailed time profiles are available for the Civ line, since the transition-region far-ultraviolet lines may have an impulsive time profile if solar flares are a guide, whereas the time variations of the Balmer lines appear to follow the flare thermal phase . A notable desideratum of existing dMe star observations, in fact, is a knowledge of the time variations of the far-ultraviolet lines, in particular whether they have an impulsive character.
